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1
NOISE TOLERANT HVAC SYSTEM

This application is a continuation of application Ser. No.
08/578.349, filed Dec. 26. 1995, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to the control of a heating venti-
lating and air conditioning system by a programmable
processor. In particular, this invention relates to how infor-
mation may be reliably read from a memory associated with
such a processor when the information is being read from the
memory in a high electrical noise environment.

The control of a heating, ventilating and air conditioning
(HVAC) system is often performed in a relatively strong
electrical noise environment. This environment is due at
least in part to relatively large electrical motors required for
compressors. fans and other components of a typical HVAC
system being located close to the control circuitry. Other
sources of noise may also be near the control circuitry.

One particular part of the control circuitry that may be
vulnerable to noise is that of the memory associated with the
processor that controls the HVAC system. It has been found
that low voltage communications between the memory and
the processor can be impacted by electrical noise. The noise
may introduce errors in the addressing of memory as well as
the values read from the storage locations in memory. This
will lead to the processor reading and assigning incorrect
values to particular control variables used by the pro-
grammed processor to control the HVAC system. Assigning
erroneous control values to certain of these control variables
could cause a complete loss of the effective control of the
HVAC system.

OBJECTS OF THE INVENTION

It is an object of the invention to provide a stored
configuration of recallable HVAC control information in a
memory associated with a processor that allows the proces-
sor to confirm in a potentially high electrical noise environ-
ment that the stored HVAC control information has been
accurately read from the memory.

SUMMARY OF THE INVENTION

The above and other objects of the invention are achieved
by providing a particular configuration of stored HVAC
control information in a memory associated with a program-
mable processor. In accordance with the invention, the
control information is stored in particular storage locations
in the memory that have been associated with particular
control parameters used by the processor during the control
of an HVAC system. Verification images of the control
information are also created and stored in these same storage
locations. The verification images of at least some of the
pieces of the control information have unique mathematicat
relationships to the particular piece of control information.
This allows the processor to confirm that the control infor-
mation applicable to these critical control parameters has
been accurately read from the appropriate storage location.
In accordance with another aspect of the invention, values of
these critical control parameters and the respective verifi-
cation images therefore are preferably stored in more than
one memory location.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will
be apparent from the following description in conjunction
with the accompanying drawings in which:
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FIG. 1 illustrates a plurality of HVAC systems each
connected via a common control bus to an HVAC systems
controller;

FIG. 2 illustrates a particular HVAC system having a
processor connected to a control bus of FIG. 1 and being
furthermore connected to an HVAC unit for providing
conditioned air;

FIG. 3 illustrates the storage of information for the HVAC
system of FIG. 2 in a memory associated with the processor
of FIG. 2.

FIGS. 4A-4B illustrate a process executable by the pro-
cessor of FIG. 2 for reading information from the memory
associated with the processor; and

FIG. § illustrates a look up table used by the processor in
executing the process of FIGS. 4A—4B.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, an HVAC systems controller 10 is
connected to an HVAC system 12 and an HVAC system 14
via a control bus 16. Each HVAC system receives control
information from the HVAC systems controller 10. Each
HVAC system includes a display such as 20 or 22 which is
used to display information relative to the status of operation
of the particular system. The HVAC system 12 provides
conditioned air through a ventilated opening 24 whereas the
HVAC system 14 provides conditioned air via a ventilated
opening 26. It is to be appreciated that there may be many
more HVAC systems connected to the control bus 16. These
HVAC systems may be installed in one large room or in
several rooms of a building that is to be provided with
conditioned air by the various systems. Control information
is normally provided to each individual system by the HVAC
system controller 10 identifying a particular HVAC system
through its particular network identification and thereafter
commuricating information to that particularly identified
system.

Referring now to FIG. 2, the internal configuration of the
HVAC system 12 is illustrated. A processor 28 within the
HVAC system 12 is connected to the control so as to be in
communication with the HVAC systems controller 10. The
processor is also connected to a control memory 39 as well
as to the display 20 for the HVAC system 12. The control
memory 30 is preferably a non-volatile memory such as an
electrically erasable programmable read only memory
(EEPROM). Control information stored in such a memory
will survive a power outage. The processor utilizes the
stored control information in the memory 30 to control a
particular HVAC unit 32 within the HVAC system 12. The
HVAC unit 32 may be one of several different types of
HVAC units. The particular type is preferably identified by
a separate unit type control parameter stored in the memory

Referring now to FIG. 3. an example of how control
information for the HVAC system 12 may be stored in
memory 30 is illustrated. The examplary control information
is stored in addressable memory locations having address
indexes numbered zero through eleven. It is to be understood
that these address indexes can represent or be easily mapped
to the particular addresses of these memory locations. Each
addressable storage location has a stored control parameter
value in a lower byte portion of the addressable location and
a stored verification image of the control parameter value in
each upper byte portion of the same addressable storage
location.

The control parameter value stored in the memory loca-
tion having an address index of zero is preferably the heat
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control setting for the HVAC unit 32 whereas the control
parameter value in memory location having an address of
five is preferably a fan control setting for the HVAC unit 32.
The stored verification images for the heat control parameter
and for the fan control parameter are preferably set equal to
the same value stored in the lower byte portions of these
memory locations. It is to be understood that other control
parameter values having an equivalency type of verification
image are to be stored in memory locations having address
indexes one through four.

A control parameter value particularly identifying the
HVAC unit 32 is preferably stored in the lower byte portions
of three successive memory locations having address
indexes six through eight. This control parameter preferably
identifies the type of unit the HVAC unit 32 is. Control
programs executable by the processor typically use such a
control parameter to identify a particular control interface
that may need to be used with the HVAC unit 32. The
verification image of the control parameter identifying the
HVAC unit 32 is preferably stored in the upper byte portions
of these memory locations. The verification images for each
of the thus stored control parameter values are the ones
compliment of these stored values.

The value of a network identification of the HVAC system
12 is preferably stored in the lower byte portions of three
successive memory locations having address indexes nine
through eleven. The network identification value will, for
instance. be used within a program executable by the pro-
cessor 28 to identify itself to the HVAC systems controller
for purposes of receiving information designated for HVAC
system 12. The verification image of the value of the
NTWEK__ID variable is preferably stored in the upper byte
portions of these memory locations. The verification images
for each of thus stored values of the network identification
values are preferably the twos complement of these stored
values.

It is to be appreciated from the above that the verification
images of the values of the HVAC type and the network
identification parameters will have unique mathematical
relationships with respect to the values of these control
parameters. This is in contrast to the verification images for
the control parameters stored in the memory locations
having address indexes zero through five wherein all the
respective verification images have the same mathematical
relationship to the values of these control parameters.

Referring now to FIG. 4A. a process for reading the
control information stored in the memory 30 begins with a
step 40 that indicates that electrical power has been provided
to the processor 28. The processor 28 proceeds to a step 42
and sets the memory address index “i” equal to zero. The
processor proceeds in steps 44 through 50 to successively
read the lower and upper bytes from address locations zero
through five and compare these bytes for being mathemati-
cally equivalent in a step 47. In the event that the equiva-
lency relationship is satisfied for a particular memory
location, the processor will proceed in a step 48 to set a
certain indexed control variable denoted as VARIABLE (k)
equal to the lower byte of the memory location under
examination. The processor preferably uses a look up table
such as is set forth in FIG. § to identify the particular
indexed control variable that is to be set equal to the lower
byte of the memory location under examination. Referring
again to step 47, in the event that the lower and upper bytes
are not equivalent. the processor proceeds to set the indexed
control variable for this memory location equal to a default
value in a step 49. This is preferably accomplished by
consulting the lookup table of FIG. § for the appropriate
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indexed variable and associated default value for the
memory location. The processor increments the memory
address index “§” in step 50 and proceeds to examine the
bytes of the next memory location in step 47. The processor
thereafter sets the identified indexed variable equal to the
lower byte value or the default value. When the memory
address index. “i” equals six, the processor proceeds from
step 44 to a step 52 wherein an inquiry is made as to whether
the memory address index, “i” is equal to nine. Since the
memory address will initially equal six. the processor will
proceed to a step 54 and read both the lower and upper bytes
from the particular memory address location identified by
the memory address index “i”. The processor proceeds in a
step 56 to inquire whether the thus read upper byte from the
memory address location “i” is equal to the ones compliment
of the lower byte read from the same memory address
location.

Referring to FIG. 3. the verification image stored in the
upper byte portion of each addressable location identified by
memory address indexes six through eight should be the
ones compliment of the unit type control parameter value.
The read upper byte portion of the memory location under
examination may not, however, have a ones complementary
relationship with respect to the lower byte portion of this
memory location if electrical noise is present during the
reading. In this case, the processor 28 will proceed out of
step 56 along the no path to a step 58 and increment the
memory address index “i” by one. The processor will
thereafter return to step 52 and again proceed to step 54 if
the new memory address index does not equal nine. Assum-
ing that the memory address has merely been incremented
from six to seven, the processor will proceed to step 54 and
read the lower and upper bytes from the memory address
Jocation indicated by the memory address index “i” equal to
seven. The processor will again inquire in step 56 as to
whether the upper byte is equal to the ones compliment of
the lower byte stored in this particular memory address
location. Assuming that the unit type control parameter and
its ones compliment verification image have been accurately
read from this addressable location, the processor will
proceed from step 56 to step 60 and inquire as to whether the
lower byte is within a specific range of permissible values.
The permissible range of values for the control parameter is
preferably in the look up table of FIG. 5. In the event that the
lower byte from the addressable memory location identified
by the current memory address index “i” is not within the
indicated range of FIG. 5, the processor will proceed along
the no path out of step 60 and again increment the memory
address index “i" in step 58 before returning to step 52.
Assuming the memory address index has now been incre-
mented to eight, the processor will proceed to step 54 and
again read the lower and upper bytes from the corresponding
memory location. Inquiry will next be made as to whether
the upper byte is equal to the ones compliment of the lower
byte in step 56. Assuming a correct mathematical relation-
ship of these values, the processor will proceed to step 60
and again inquire as to whether the lower byte is within the
predetermined range of permissible values for the unit type
control parameter. If the read value of the lower byte stored
in memory storage location eight is within range of the
permissible values for the unit type control parameter, the
processor will proceed to a step 62 and set a variable denoted
as UNIT_TYPE equal to the lower byte value. Referring
again to steps 56 and 60, it is to be noted that if all memory
address locations having the memory address indexes six
through eight do not have a properly stored and read control
parameter value and corresponding ones compliment veri-
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fication image, then the processor will proceed in step 58 to
increment the memory address index by one so as to be
equal to nine. The processor will next proceed through step
52 to a step 64 wherein the UNIT__TYPE control variable is
set equal to a default value. The processor proceeds to step
66 wherein a message as to the UNIT__TYPE being equal to
a default value is generated. This message could, for
instance, be displayed on the display 20.

It is to be appreciated that as a result of potentially reading
up to three storage locations having the memory address
indexes six through eight, the processor will have had an
opportunity to verify a correct reading of the upper and
lower bytes from at least one of these storage locations. For
any such verification, the processor will also need to find
that the value of a verified lower byte is within the permis-
sible range for the unit type control parameter. In such a
case, the processor will have set the UNIT_TYPE control
variable equal to the value of the lower byte read from the
particular storage location which passed the successive tests
of steps 56 and 60. In the event that none of the byte values
read from the storage locations six through eight passed the
steps dictated by steps 56 and 60, then the processor will
have set the UNIT_TYPE control variable equal to a default
value and generated the message as to the UNIT_TYPE
being a default value.

The processor will proceed out of either step 62 or step 66
to a step 67 and set the index “i” equal to nine. The process
of reading and comparing lower and upper byte portions of
one or more of the memory locations having address indexes
of nine through eleven will occur in steps 68 through 82. It
is to be remembered from FIG. 3 that these particular
memory locations will have been set aside for storing values
of the network identification control parameter and the
respective verification images therefore. It is to be appreci-
ated that as a result of reading and comparing the byte
portions of possibly all three of these addressable memory
locations, the processor will have either set a network
identifier variable NTWK_ID from the look up table of
FIG. 5, equal to a correctly verified value stored in one of
these locations or it will have set the network identifier
variable equal to a default value. The processor will have
also generated an appropriate message in the event that this
variable is set equal to a default value.

The processar will proceed out of either step 78 or step 82
to an exit step 84. The processor will thereafter implement
various programs that depend on the particular set values of
the control variables. In this regard, the programmed pro-
cessor will for instance use the set values for the “k” indexed
variables to implement various settings of the HVAC unit 32
whereas the value of the UNIT__TYPE variable will be used
by the processor to configure any interface that may be
required for the identified type of unit. Finally, the processor
will use the set value for the NTWK_ID variable when
identifying the HVAC system 12 to the HVAC system
controller 10.

It is to be appreciated that the likelihood of having to use
default values for either the UNIT_TYPE variable value or
the NTWEK_ID variable is substantially reduced due to the
redundant recording of the corresponding control parameter
values as well as the respective verification images thereof
The redundant recording allows the processor to read up to
three memory locations if necessary to obtain a correct
reading of the particular control parameter value and its
respective verification image. The unique verification
images for these control parameters assures that the correct
control parameter information that has been read and veri-
fied does in fact contain a control parameter value for the
particular variable associated with the location.
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It is to be appreciated that a particular embodiment of the
invention has been described. Alterations. modifications and
improvements thereto will readily occur to those skilled in
the art. Accordingly. the foregoing description is by way of
example only and the invention is to be limited only by the
following claims and equivalents thereto.

What is claimed is:

1. Amemory for storing values of control parameters used
by a programmed processor to control a unit for providing
conditioned air to a space to be heated or cooled. said
memory comprising:

a first set of addressable storage locations having at least
two distinct storage portions in each addressable stor-
age location wherein one of the distinct storage por-
tions in each addressable storage location contains the
value of at least one of the control parameters used by
the programmed processor to control the unit and the
second distinct storage portion in the same addressable
storage location contains the verification image of the
value of the control parameter stored in the first distinct
storage portion of the addressable storage location. said
verification image in each addressable storage location
having a mathematical relationship with respect to the
value of the control parameter in the same addressable
storage location; and

a second set of addressable storage locations having at
least two distinct storage portions in each addressable
storage location wherein one of the distinct storage
portions in each of said second set of addressable
storage locations contains the value of a particular
control parameter. the particular control parameter
being different from the one or more control parameters
having values stored in said first set of addressable
storage locations and wherein the second of the distinct
storage portions in each of said second set of addres-
sable storage locations contains a verification image of
the value of the particular control parameter wherein
each verification image of the value of the particular
control parameter in a second portion of an addressable
storage location in said second set of addressable
storage locations has a mathematical relationship with
respect to the value of the particular control parameter
stored in the first portion of the same addressable
location that is substantially different from any math-
ematical relationship that a verification image of a
value of a control parameter stored in a second portion
of one of the first set of addressable storage locations
has with respect to the stored value of that control
parameter.

2. The memory of claim 1 further comprising:

a third set of addressable storage locations having at least
two distinct storage portions in each addressable stor-
age location wherein one of the distinct storage por-
tions in each of said third set of addressable storage
locations contains the value of a second particular
control parameter, the second particular control param-
eter being different from the one or more control
parameters having values stored in said first set of
addressable storage locations and being furthermore
different from the particular control parameter having
values stored in said second set of addressable storage
locations and wherein the second of the distinct storage
portions in each of said third set of addressable storage
locations contains a verification image of the value of
the second particular control parameter wherein each
verification image of the value of the second particular
control parameter in a second portion of an addressable
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storage location in said third set of addressable storage
locations has a mathematical relationship with respect
to the value of the second particular control parameter
stored in the first portion of the addressable storage
locations that is substantially different from any math-
ematical relationship that a verification image of a
value of a control parameter stored in a second portion
of the first set of addressable storage locations has with
respect to the stored value of that control parameter and
from any mathematical relationship of a verification
image of the value of the particular control parameter
stored in the second portion of each of said addressable
storage locations in said second set of addressable
storage locations has with respect to the values of the
particular control parameter stored in the first portions
of each of said addressable storage locations in said
second set of addressable storage locations.

3. The memory of claim 2 wherein the mathematical
relationships of the verification images with respect to the
values of the particular control parameter stored in said
second set of addressable storage locations are all the same
and wherein the mathematical relationships of the verifica-
tion images with respect to the values of the second par-
ticular control parameter stored in said third set of an
addressable storage location are all the same.

4. The memory of claim 1 wherein the mathematical
relationships of the verification images with respect to the
values of the particular control parameter stored in said
second set of addressable storage locations are all the same.

5. The memory of claim 1 wherein the two distinct storage
portions of each addressable storage location in both said
first set of addressable storage locations and said second set
of addressable storage locations each occupy the same bit
storage locations in each addressable storage location.

6. A process for reading values of control parameters from
addressable memory locations of a memory associated with
a programmed processor wherein the values of the control
parameters are used by the processor in the control of a unit
that provides conditioned air to a space to be heated or
cooled. said process comprising the steps of:

reading a first portion of a first addressable memory

location containing the stored value of a first control
parameter;

reading a second portion of the first addressable memory

location containing a verification image of the value of
the first control parameter;

comparing the read values of the first and second portions

of the first addressable memory location;

using the read value of the first portion of the first

addressable memory location in the control of the unit
that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the first addressable memory location indicates that
a certain required first mathematical relationship exists
between the read values of the first and second portions
of the first addressable memory location;

reading a first portion of a second addressable memory

location containing the stored value of a second control
parameter;

reading a second portion of the second addressable

memory location containing a verification image of the
value of the second control parameter;

comparing the read values of the first and second portions

of the second addressable memory location; and
using the read value of the first portion of the second
addressable memory location in the control of the unit
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that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the second addressable memory location indicates
that a certain required second mathematical relation-
ship exists between the read values of the first and
second portions of the second addressable memory
location wherein the second mathematical relationship
is substantially different from the first mathematical
relationship required between the read values of the
first and second portions of the first addressable
memory location.

7. The process of claim 6 further comprising the steps of:

reading a first portion of a third addressable memory
location containing the stored value of the second
control parameter when said step of comparing the read
values of the first and second portions of the second
addressable memory location does not indicate that the
certain required second mathematical relationship
exists between the read values of the first and second
portions of the second addressable memory location;

reading a second portion of the third addressable memory
location containing a verification image of the value of
the second control parameter;

comparing the read values of the first and second portions
of the third addressable memory location; and

using the read value of the first portion of the third
addressable memory location in the control of the unit
that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the addressable location indicates the second
required mathematical relationship exists between the
read values of the first and second portions of the third
addressable memory location.

8. The process of claim 6 further comprising the step of:

reading a first portion of a fourth addressable memory
location containing the stored value of a third control
parameter;

reading a second portion of the fourth addressable
memory location containing a verification image of the
third control parameter;

comparing the read values of the first and second portions
of the fourth addressable memory location;

using the read value of the first portion of the fourth
addressable memory location in the control of the unit
that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the fourth addressable memory location indicates
that a certain required third mathematical relationship
exists between the read values of the first and second
portions of the fourth addressable memory wherein the
third mathematical relationship is substantially differ-
ent from either the second mathematical relationship
required between the read values of the first and second
portions of the second addressable memory location or
the first mathematical relationship required between the
first and second portions of the first addressable
memory location.

9. The process of claim 8 further comprising the steps of:

reading a first portion of a fifth addressable memory
Jocation containing the stored value of the third control
parameter when said step of comparing the read values
of the first and second portions of the fourth address-
able memory location does not indicate the existence of
the third predetermined mathematical relationship
between the read values of the first and second portions
of the fourth addressable memory location;



5.787.027

9

reading a second portion of the fifth addressable memory
location containing a verification image of the value of
the third control parameter;

comparing the read values of the first and second portions
of the fifth addressable memory location; and

using the read value of the first portion of the fifth
addressable memory location in the control of the unit
that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the fifth addressable memory location indicates the
third required mathematical relationship exists between
the read values of the first and second portions of the
fifth addressable memory location.

10. The process of claim 9 wherein said steps of using a

read value of the first portion of a particular addressable

memory locations in the control of the unit that provides

conditioned air each comprise:

associating a particular control variable used by the
processor in a control program with the particular
memory location from which the values has been read;

setting the particular control variable equal to the value of
the first portion of the particular memory location when
the step of comparing read values of the first and
second portions of the particutar memory location
indicates that the particular required mathematical rela-
tionship exists between the first and second portions of
the particular memory location.

11. The process of claim 9 wherein the second and third

mathematical relationships are numerical complementary
relationships.

12. The process of claim 6 further comprising the step of:

reading a first portion of a third addressable memory
location containing the stored value of a third control
parameter,

reading a second portion of the third addressable memory
location containing a verification image of the third
control parameter;

comparing the read values of the first and second portions
of the third addressable memory location;

using the read value of the first portion of the third
addressable memory location in the control of the unit
that provides conditioned air when said step of com-
paring the read values of the first and second portions
of the third addressable memory location indicates that
a certain required third mathematical relationship exists
between the read values of the first and second portions
of the third addressable memory wherein the third
mathematical relationship is substantially different
from either the second mathematical relationship
required between the read values of the first and second
portions of the second addressable memory location or
the first mathematical relationship required between the
first and second portions of the first addressable
memory location.

13. The process of claim 12 wherein said steps of using a

read value of the first portion of a particular addressable

memory location in the control of the unit that provides

conditioned air each comprise:

associating a particular control variable used by the
processor in a control program with the particular
memory location from which the value has been read;

setting the particular control variable equal to the value of
the first portion of the particular memory location when
the step of comparing read values of the first and
second portions of the particular memory location
indicates that the particular required mathematical rela-
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tionship exists between the first and second portions of
the particular memory location.
14. The process of claim 13 further comprising the step of:

sefting a particular control variable associated with a
particular memory location equal to a default value
when the step of comparing read values of the first and
second portions of a particular memory location indi-
cates that the particular required mathematical relation-
ship does not exist between the read values of the first
and second portions of the particular memory location.

15. The process of claim 12 wherein said second and third
mathematical relationships are numerical complementary
relationships.

16. The process of claim 6 wherein said steps of using a
read value of the first portion of a particular addressable
memory location in the control of the unit that provides
conditioned air each comprise:

associating a particular control variable used by the
processor in a control program with the particular
memory location from which the value has been read;

setting the particular control variable equal to the value of
the first portion of the particular memory location when
the step of comparing read values of the first and
second portions of the particular memory location
indicates that the particular required mathematical rela-
tionship exists between the first and second portions of
the particular memory location.

17. The process of claim 16 further comprising the step of:

setting a particular control variable associated with a
particular memory location equal to a default value
when the step of comparing read values of the first and
second portions of a particular memory location indi-
cates that the particular required mathematical relation-
ship does not exist between the read values of the first
and second portions of the particular memory location.

18. The process of claim 6 wherein at least one of the
mathematical relationships is a numerical complementary
relationship.

19. A memory for storing values of control parameters
used by a programmed processor to control a unit for
providing conditioned air to a space to be heated or cooled,
said memory comprising:

a plurality of addressable storage locations each having at
least two distinct storage portions therein where one of
the distinct storage portions of each addressable storage
location has a value of a control parameter stored
therein and wherein the second portion of each addres-
sable storage location has a verification image of the
value of the control parameter that has been stored in
the first portion of the same addressable storage loca-
tion; and

wherein a second portion of at least one of said plurality
of addressable storage locations contains a verification
image having a unique mathematical relationship with
respect to the value of the particular control parameter
stored in the first portion of the addressable location,
said unique mathematical relationship being different
from the mathematical relationship that any other veri-
fication image stored in a second portion of any other
addressable storage location has with respect to the
correspondingly stored value of the control parameter
in that other addressable storage location in said
memory except for any further verification images of
stored values of the particular control parameter.

20. The memory of claim 19 wherein at least one further

addressable storage location of said plurality of storage
locations contains a verification image having a mathemati-
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cal relationship with respect to the value of a second
particular control parameter stored in the first portion of the
further addressable storage location, said mathematical rela-
tionship of the verification image with respect to the value
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sable storage location has with respect to the correspond-
ingly stored value of the control parameter in that other
addressable storage location in said memory except for any
further verification images of stored values of the second

of the second particular control parameter being different 5 particular control parameter.

from the mathematical relationship that any other verifica-
tion image stored in a second portion of any other addres-
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